Background: Tyrosine kinase inhibitors such as imatinib have improved survival in chronic myeloid leukemia (CML). Imatinib can cause chronic side effects which are not considered serious but can impact the quality of life (QoL) of the patient. Methods: The results of a detailed symptom burden analysis and its impact on QoL scores in a cohort of patients on long-term imatinib is presented in this study. Symptom burden was assessed using the M. D. Anderson Symptom Inventory specific for CML patients. An indigenously developed QoL questionnaire (Cancer Institute Quality of Life II) was administered simultaneously. Results: Of 221 patients of CML (M:F = 133:88; median age: 39 years , median duration of imatinib: 4 years), QoL scores were high in 46%, average in 39%, and low in 14%. QoL scores were negatively correlated with general symptoms (r = −0.612, P < 0.001), CML-specific symptoms (r = −0.513, P < 0.001), and interference of symptoms (r = −0.596, P < 0.001). Conclusions: Significant impairment of QoL was noted among patients with CML primarily due to the burden of symptom related to side effects of imatinib. This issue must be addressed both in the clinic as well as in all studies of CML.
Introduction
Chronic myeloid leukemia (CML) accounts for one-fifth of all leukemias and has an incidence of 1.0-1.5/100,000. [1, 2] Though survival in CML has greatly improved with the use of oral tyrosine kinase inhibitors such as imatinib, best outcomes require strict adherence to therapy. [3, 4] Poor adherence to therapy in CML is strongly associated with lower quality of life (QoL) which in turn may be affected by multiple factors, including symptoms caused by side effects of imatinib. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] These issues are often neglected in patients on long-term therapy with imatinib. [8, 15, 16] We had shown in our earlier publication that poor QoL scores (assessed by the EORTC questionnaire) are strongly associated with nonadherence to therapy in a cohort of patients on long-term imatinib. [10] Additional assessments were carried out in the same cohort of patients specifically focusing on their symptom burden. Simultaneously, the usefulness of an indigenously developed QoL questionnaire was assessed for the first time in a cohort of patients with 
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CML
. [17] These results of these assessments are presented in this study.
Methods
Patient population and study design
Adult patients with chronic-phase CML (n = 221) who were on imatinib for at least 6 months were included in the study. The demographic data, adherence to therapy, its correlation with the EORTC QOL, and association with molecular responses have been described in an earlier study. [10] In this study, we describe the results of the assessments carried out to understand the symptom burden of the patients and the correlation with an indigenously developed and validated QoL tool.
Assessment of symptom burden
The M. D. Anderson Symptom Inventory specific for CML patients (MDASI-CML), a multi-symptom patient-reported outcome measure, was used for the assessment of symptom burden. [18] The inventory assesses the severity of symptoms at their worst in the last 24 h on a 0-10 numerical rating scale with 0 being "not present" and 10 being "as bad as you can imagine." In addition to 13 items related to symptoms found in highest frequency and/or severity in patients' cancers, seven CML-specific symptoms are included in MDASI-CML. The tool also measures the interference of symptoms with six daily activities: general activity, mood, work, relations with others, walking, and enjoyment of life. Interference is rated on a 0-10 numerical rating scale, 0 being "did not interfere" and 10 being "interfered completely." As per MDASI-CML, for the purpose of analysis, a prorated total score is calculated when patients score was at least 7 of the 13 items using the following formula: (sum of items answered) ×13/number of items answered.
Assessment of quality of life using an indigenously developed tool
QoL among patients of CML was measured by the Cancer institute Quality of Life II questionnaire. [17] This 41-item tool measured 11 dimensions of QoL which included general well-being, physical well-being, psychological well-being, interpersonal relationship, sexual and personal well-being, cognitive well-being, optimism, economical well-being, informational support, patient-physician relationship, and body image. Of the 41 items, 39 items were in Likert 4-point scale and the remaining two items were in 10-point semantic scale, ranging from 1 to 10 with two extremes, namely very poor and excellent.
Scoring of the tool instructs both direct scoring and reverse scoring with a minimum score of 42 and a maximum score of 180. Higher score indicates better QoL (score < 99 = very low QoL; score 99-117 = low QoL; score 118-146 = average QoL; score 147-165 = high QoL; and score > 165 = very high QoL).
Statistical analysis
For the ease of analysis, the five levels of QOL were re-organized as three levels (low combining low and very low scores, average and high combining high and very high scores).
[17] Association of sociodemographic parameters and level of QoL was analyzed using Chi-square test. A bivariate correlation was used to analyze the association between QoL and symptom burden. SPSS ver 17.0 (SPSS Inc., Chicago) was used for the analysis.
Results
The baseline demography of the patients is shown in Table 1 . Among the 221 patients (M:F = 133:88; median age: 39 years ) of CML (median duration of treatment: 4 [1-13] years), more than half (55%) had high school education, and of them, 40% were employed. Female patients who were homemakers were included in the "currently unemployed" group. Distribution of income status on monthly basis (international normalized ratio) was <5000 (31%); 5000-10,000 (39%); and >10,000 (31%). QoL scores were high in 46%, average in 39%, and low in 14%. Other than the educational status, none of the demographic baseline characteristics predicted QoL levels [ Table 2 ]. A significant association was noted between symptom scores and QoL. On bivariate correlation, QoL scores were negatively correlated with general symptoms (r = −0.61, P < 0.001), CML-specific symptoms (r = −0.51, P < 0.001), and interference of symptoms (r = −0.59, P < 0.001) [ Table 3 and Figure 1 ].
Discussion
In our earlier study, we premised that side effects of imatinib lead to poor QoL and this causes patients to miss pills (nonadherence) which compromise the outcomes of therapy. [10] In a more detailed analysis specifically focused on the symptom burden, we demonstrate the direct effect of high symptom scores on the QoL of the patients. We also demonstrate the usefulness of an indigenously developed QoL questionnaire in a population of patients with long-term cancer treatment. Significantly, more than half the patients had low or average QoL, a major issue which is not addressed by clinicians during their regular follow-up of patients.
Earlier studies reported that adverse events of patients with CML result in treatment discontinuation and thereby negatively affect treatment efficacy and QoL. [9, [14] [15] [16] 18, 19] On the development of MDASI-CML questionnaire, its authors pointed out that prolonged period of moderate-to-severe symptoms would definitely interfere with patients' functional status and QoL outcome for which they suggested routine symptom monitoring and management. [12] Necessity of providing education, support, and assistance to patients for management of adverse events to optimize outcomes has been highlighted elsewhere. [15] Although these issues have been highlighted by other studies, this is one of the first studies from India demonstrating the problems caused by symptom burden in patients on long-term imatinib. We were able to validate the usefulness of an indigenously developed QoL tool in a population of patients with CML. We have found that using the indigenous tool is much easier and culturally acceptable than the EORTC QLQ. Though imatinib has greatly increased survival in patients with CML, it also imposes a burden which is not obvious and often ignored in a busy clinic. We strongly recommend every doctor managing patients of CML to actively seek details of side effects that patient may be harboring and identify ways to remove or at least reduce these symptoms. These efforts could greatly enhance patient adherence to therapy and in turn outcomes of therapy. 
